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(54) Signal processing apparatus 



(57) To realize low noise and chip area reduction, a 
signal processing apparatus including a signal source, 
an arithmetic circuit for performing an arithmetic opera- 
tion, and a non-inverting output circuit for outputting a 
signal from the arithmetic circuit which includes at least 



a transfer circuit for transferring a signal from the signal 
source to the non-inverting output circuit, and a differ- 
ence signal formation circuit for forming a difference sig- 
nal obtained by subtracting a signal from the non-invert- 
ing output circuit from the signal from the signal source. 



FIG. 3 



CM 
< 

CM 

o> 
o 

Q. 

UJ 




Printed by Jouve, 75001 PARIS (FR) 



EP 0 977 427 A2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a signal 
processing apparatus having a noise removing circuit, 
a signal processing apparatus for outputting individual 
signals of a plurality of signal sources and at least the 
maximum and minimum signals from a plurality of signal 
sources, and an image pickup apparatus using the sig- 
nal processing apparatus. 

Related Background Art 

[0002] Fig. 1 is a signal processing apparatus for se- 
quentially outputting signals. 

[0003] Referring to Fig. 1, signals S1, S2 Sn are 

sequentially output to an output line 102 through a non- 
inverting output circuit (voltage follower circuit) 103 by 
controlling a MOS transistor 101 by a shift register 100. 
[0004] Fig. 2 shows a photoelectric conversion appa- 
ratus having a noise removing circuit. 
[0005] An amplified photoelectric conversion appara- 
tus is disadvantageous because of large noise generat- 
ed in pixels and therefore requires a noise removing cir- 
cuit. Examples of amplified photoelectric conversion ap- 
paratus are a BASIS and CMOS sensor. Although Fig. 
2 shows a CMOS sensor having a two-dimensional ar- 
ray of photoelectric conversion elements 70, even if the 
sensor is a linear sensor or a BASIS sensor, a same 
noise removing circuit is used in those sensors. 
[0006] Referring to Fig. 2, the photoelectric conver- 
sion apparatus includes horizontal driving lines 71 for 
controlling lines, vertical output lines 72 for outputting 
pixel outputs to a noise removing circuit 74, amplified 
MOS transistors 73 of the pixels 70, load MOS transis- 
tors, and a constant current source. The noise removing 
circuit 74 is generally called an S-N noise removing cir- 
cuit and comprises capacitances C TN 77 for storing N 
charges, capacitances C TS 78 for storing S charges, 
switch MOS transistors 75 and 76 for the capacitances, 
and horizontal driving MOS transistors 79 and 80 driven 
by a horizontal scanning circuit 85. An S signal and N 
signal are input to a differential amplifier 84 th rough volt- 
age follower circuits 82 and 83, respectively, to remove 
noise and are output from the noise removing circuit. Let 
V P be the optical output from the pixel 70, V N be noise, 
C T be the storage capacitance value, and C H be the par- 
asitic capacitance of the horizontal output line. Then, a 
final output V OUT is given by 

[0007] However, the prior arts have the following 



problems. 

[0008] In the prior art shown in Fig. 1 , since a signal 
is output through the non-inverting output circuit, the 
noise signal (e.g., offset signal) from the non-inverting 
5 output circuit is added and output together with the sig- 
nal. 

[0009] The prior art shown in Fig. 2 has the following 
problems: 

(1 ) Since two large MOS capacitances are formed, 
the chip area increases. Especially, as the device 
shrinks in feature size, most area is occupied by the 
MOS capacitances, resulting in a serious problem. 

(2) When the S capacitance value shifts from the N 
capacitance value, the noise correction effect de- 
grades (variation in C T ). 

(3) The sensitivity decreases to cy(C T + C H ) be- 
cause of the capacitance division ratio of the stor- 
age capacitance to the parasitic capacitance. 
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SUMMARY OF THE INVENTION 



[0010] It is the first object of the present invention to 
read out an accurate signal free from noise. 
25 [001 1 ] It is the second object of the present invention 
to reduce the chip area. 

[0012] In order to achieve the above object, according 
to an aspect of the present invention, there is provided 
a signal processing apparatus comprising a signal 

30 source, a non-inverting output circuit for outputting a sig- 
nal from the signal source, and noise signal removal 
means for, when the signal from the signal sou rce is out- 
put from the non-inverting output circuit, removing a 
noise signal in the non-inverting output circuit and caus- 

35 ing the non-inverting output circuit to output the signal 
from the signal source. 

[001 3] According to another aspect, there is provided 
a signal processing apparatus comprising a signal 
source, arithmetic means for performing an arithmetic 

40 operation, and a non-inverting output circuit for output- 
ting a signal from the arithmetic means, wherein the 
arithmetic means including at least transfer means for 
transferring a signal from the signal source to the non- 
inverting output circuit, and difference signal formation 

45 means for forming a difference signal obtained by sub- 
tracting a signal from the non-inverting output circuit 
from the signal from the signal source. 
[0014] According to still another aspect, there is pro- 
vided a signal processing apparatus comprising a plu- 

50 rality of signal sources, a non-inverting output circuit for 
outputting signals from the plurality of signal sources, 
specific value signal output means for causing the non- 
inverting output circuit to output a maximum or minimum 
signal of at least two of the plurality of signal sources, 

55 and noise signal removal means for, when the signal 
from the signal source is output from the non-inverting 
output circuit, removing noise signal in the non-inverting 
output circuit and causing the non-inverting output cir- 
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cuit to output the signal from the signal sources. 
[001 5] According to still another aspect, there is pro- 
vided a signal processing apparatus comprising a plu- 
rality of signal sources, specific value detection means 
for outputting a maximum or minimum signal of the plu- 
rality of signal sources, the specific value detection 
means having a function of sequentially outputting indi- 
vidual signals from the plurality of signal sources, and 
driving means for switching the function of the specific 
value detection means. 

[0016] According to still another aspect, there is pro- 
vided a signal processing apparatus comprising a plu- 
rality of signal sources, maximum detection means for 
outputting a maximum signal of the plurality of signal 
sources, minimum detection means for outputting a min- 
imum signal of the plurality of signal sources, the max- 
imum or minimum detection means having a function of 
sequentially outputting individual signals from the plu- 
rality of signal sources, and driving means for switching 
the function of the maximum or minimum detection 
means having the function of sequentially outputting the 
individual signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Fig. 1 is a circuit diagram showing the first prior art; 
Fig. 2 is a circuit diagram showing the second prior 
art; 

Fig. 3 is a circuit diagram showing the first embod- 
iment of the present invention; 
Fig. 4 is a timing chart of the first embodiment of the 
present invention; 

Fig. 5 is a circuit diagram showing the second em- 
bodiment of the present invention; 
Fig. 6 is a circuit diagram showing the third embod- 
iment of the present invention; 
Fig. 7 is a circuit diagram showing the fourth em- 
bodiment of the present invention; 
Fig. 8 is a circuit diagram showing the fifth and sixth 
embodiments of the present invention; 
Figs. 9A and 9B are circuit diagrams showing ex- 
amples of a differential amplifier used in the present 
invention; 

Fig. 1 0 is a circuit diagram showing the seventh em- 
bodiment of the present invention; 
Fig. 11 is a circuit diagram showing the eighth em- 
bodiment of the present invention; 
Fig. 12 is a circuit diagram showing the eighth em- 
bodiment of the present invention; 
Fig. 13 is a timing chart of the eighth embodiment 
of the present invention; 

Fig. 14 is a timing chart of the eighth embodiment 
of the present invention; 

Fig. 15 is a circuit diagram showing the ninth em- 
bodiment of the present invention; 
Fig. 16 is a circuit diagram showing the 10th em- 



bodiment of the present invention; 
Fig. 17 is a circuit diagram showing the 11th em- 
bodiment of the present invention; 
Fig. 18 is a circuit diagram showing the 12th em- 
5 bodiment of the present invention; 

Fig. 19 is a circuit diagram showing the 13th em- 
bodiment of the present invention; and 
Fig. 20 is a circuit diagram showing the 20th em- 
bodiment of the present invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Fig. 3 shows the first embodiment which most 
is clearly presents the characteristic feature of the present 
invention. Referring to Fig. 3, a pn photodiode 1 per- 
forms photoelectric conversion. A transfer gate 2 trans- 
fers photoelectrical^ converted charges. A reset MOS 
transistor 3 resets charges. An amplified MOS transistor 
20 4 and constant current source 5 form a source follower 
circuit. The above components 1 to 5 construct one pho- 
toelectric conversion pixel. A differential amplifier 6 
feeds back its output to the negative input terminal to 
perform voltage follower operation. A switch MOS tran- 
25 sistor 7 inputs the output from the photoelectric conver- 
sion pixel to the voltage follower circuit. A clamp capac- 
itance 8 and switch MOS transistor 9 for inputting the 
clamp potential construct a clamp circuit. A switch MOS 
transistor 10 inputs the output from the photoelectric 
30 conversion pixel to the clamp circuit. A switch MOS tran- 
sistor 1 1 connects the clamp circuit and voltage follower 
circuit. A switch MOS transistor 12 inputs the output 
from the voltage follower circuit to the clamp circuit. The 
components 6 to 12 construct a noise removing circuit. 
35 A switch MOS transistor 13 outputs the photoelectric 
conversion output after noise removal to an output am- 
plifier 15 and is driven by a scanning circuit 14. 
[001 9] The noise removal operation of the present in- 
vention will be described next with reference to the tim- 
40 ing chart shown in Fig. 4. 

[0020] At time t 0 , signals <J)RS and (j>T are turned on to 
reset the photodiode. At time t lt the signal <|>T is turned 
off to end reset of the photodiode to start accumulation. 
[0021] At time t 2 when noise removal operation starts, 
45 signals <j>TN and (|>FB are turned on to input the output 
from the photoelectric conversion pixel to the voltage fol- 
lower circuit 6 through the switch MOS transistor 7. The 
output from the voltage follower circuit is input to the 
clamp capacitance 8 through the switch MOS transistor 
so 1 2. At times t 3 and t 4 , the switch MOS transistors 1 2 and 
7 are turned off in the order named. At this time, the 
clamp capacitance 8 holds a voltage as the sum of the 
sensor output with noise and offset voltage of the volt- 
age follower circuit 

55 

v CP = v dark + v FPN+ v RN + v off (1) 
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(V dark = sensor dark voltage, V FPN = fixed pattern noise 
voltage, V RN = random noise voltage, and V off = offset 
voltage of voltage follower circuit) 
At time t 5 , a signal <1>TS2 is turned on to connect the 
clamp circuit to the voltage follower circuit. At time ^ a 
signal 0GR is turned off to end the clamp operation. 
[0022] At time t 7 , accumulation starts. After the elapse 
of a predetermined time, the signal read operation starts 
at times t 8 and t g . At time t 8 , the signal c|>RS is turned off, 
and then, at time t 9 , the signal $T is turned on to transfer 
charges generated in the photodiode to the gate of the 
amplified MOS transistor 4 of the source follower circuit. 
The change in potential at this time is output as an op- 
tical signal. 

[0023] The output from the source follower is repre- 
sented by 

V P + V dark + V FPN+ V RN (2) 

where V P is the optical signal voltage. This voltage is 
input to the clamp circuit through the switch MOS tran- 
sistor 10. Because of the difference between this volt- 
age and the already stored voltage (1 ), the output from 
the voltage follower circuit is given by 

V OU T=(2)-(1) + V off = V p 

That is, a signal from which not only noise of the photo- 
electric conversion pixel but also noise of the voltage 
follower circuit are removed can be obtained from the 
voltage follower circuit. In addition, since the signal can 
be output to the output amplifier 15 at the final stage 
without decreasing the gain, the gain does not decrease 
due to capacitance division. 

[0024] Conventionally two large capacitances are re- 
quired to prevent the decrease in gain due to capaci- 
tance division. However, in the present invention, a ca- 
pacitance 1/2 or less that of the prior art suffices, so the 
capacitance area can be reduced to 1/4 or less that of 
the prior art. The clamp capacitance value necessary in 
the present invention is preferably set in consideration 
of the ratio of the input capacitance to parasitic capaci- 
tance of the voltage follower. 

[0025] As described above, according to the first em- 
bodiment, a high-sensitivity sensor with a small chip ar- 
ea corresponding to micropatteming can be realized. 
Particularly, this sensor has a tremendous effect as an 
AF sensor for a camera which requires real-time AGC 
because a nondestructive read is possible. 
[0026] Fig. 5 shows the second embodiment of the 
present invention. In this embodiment, the present in- 
vention is applied to an AMI (Amplified Mos Imager) sen- 
sor which directly inputs the output from a photodiode 
to the gate of the amplified MOS transistor of a source 
follower circuit, in this embodiment, the same noise re- 



moving circuit as in the first embodiment is arranged, 
and the same effect as in the first embodiment can be 
obtained. In this embodiment, NMOS transistors are 
used in a photoelectric conversion pixel. However, the 

5 same effect as described can be obtained even in use 
of PMOS transistors, as in the first embodiment. 
[0027] Fig. 6 shows the third embodiment of the 
present invention. In the sensor of this embodiment, a 
pixel has a source follower circuit with a two-stage struc- 

io ture, and the gate of the second source follower circuit 
has a memory capacitance. When this sensor is used 
as a contact sensor, the chip area can be made much 
smaller than that of the prior art. Hence, the cost can be 
largely reduced. Especially, this sensor is effective as a 

is contact sensor of an equal magnification type. 

[0028] In the present invention, transistors in a pho- 
toelectric conversion pixel can be formed from either 
NMOS transistors or PMOS transistors. Alternatively, 
NMOS transistor are used for the first stage while PMOS 

20 transistors are used for the second stage, or vice versa. 
[0029] Fig. 7 shows the fourth embodiment of the 
present invention. The present invention uses a pixel in 
which the output from a photodiode is input to a voltage 
follower circuit with a CMOS structure. 

25 [0030] In the fourth embodiment, since a voltage fol- 
lower circuit formed from a differential amplifier is used, 
the FPN of the output from the pixel is small. By com- 
bining a noise removing circuit on the output side, noise 
can be further reduced. 

30 [0031] This embodiment can be applied to a sensor 
which especially requires small noise. Particularly, the 
sensor is effective as an AF sensor for a camera. 
[0032] In the first to fourth embodiments, the photoe- 
lectric conversion pixel is not limited to the above-de- 

35 scribed type. A photoelectric conversion pixel of a BA- 
SIS, CMD, SIT, or FGA may be used. The signal from 
the photodiode may be output without being amplified. 
[0033] Fig. 8 shows the fifth embodiment of the 
present invention. In this embodiment, the present in- 

40 vention is applied to a two-dimensional photoelectric 
conversion apparatus. Referring to Fig. 8, photoelectric 
conversion elements 70 are two-dimensionally arrayed. 
This embodiment exemplifies a CMOS sensor. Howev- 
er, this embodiment can be applied to the photoelectric 

45 conversion pixel of a BASIS, CMD, SIT, or FGA. The 
signal from the photodiode may be output without being 
amplified. In this embodiment, since the present inven- 
tion is applied to a two-dimensional photoelectric con- 
version apparatus, the same effect as in the linear pho- 

50 toelectric conversion apparatus, e.g., reduction of the 
chip area and increase in sensitivity can be obtained. 
[0034] Figs. 9A and 9B are circuit diagrams showing 
examples of the differential input circuit 6 used in the 
present invention. Figs. 9A and 9B show CMOS differ- 

55 ential amplifiers. However, a BiCMOS structure may be 
used. As for the circuit arrangement, the output may be 
of push-pulltype. Inotherwords, any types of differential 
amplifiers can be used. 
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[0035] As described above, in the fifth embodiment, 
noise removing circuits are arranged one for each col- 
umn. However, noise removing circuits may be ar- 
ranged one for each photoelectric conversion pixel. 
[0036] Fig. 8 also shows the sixth embodiment of the 
present invention. In this embodiment, the peak signal 
(maximum or minimum signal) of photoelectric conver- 
sion pixels in one row is detected. 
[0037] In the fifth embodiment, pulses are sequential- 
ly input from a horizontal scanning circuit 14 to switch 
MOS transistors 1 3, thereby outputting the signals from 
the photoelectric conversion pixels. In the sixth embod- 
iment, instead of sequentially inputting pulses from the 
horizontal scanning circuit to the switch MOS transis- 
tors, pulses are simultaneously input to the switch MOS 
transistors. Signals from the photoelectric conversion 
pixels of one row are simultaneously output from a volt- 
age follower circuit 6, thereby obtaining the peak signal 
of the photoelectric conversion pixels in one row. When, 
a voltage follower circuit using N-type transistors at the 
output stage, as shown in Fig. 9A, is used, the maximum 
signal of the photoelectric conversion pixels in one row 
is obtained. When a voltage follower circuit using P-type 
transistors at the output stage, as shown in Fig. 9B, is 
used, the minimum signal of the photoelectric conver- 
sion pixels in one row is obtained. 
[0038] Assume that the voltage follower circuit shown 
in Fig. 9A is used for odd columns, and the voltage fol- 
lower circuit shown in Fig. 9B is used for even columns. 
In this case, by simultaneously inputting a pulse from 
the horizontal scanning circuit to the switch MOS tran- 
sistors 13 of odd columns and then simultaneously in- 
putting a pulse from the horizontal scanning circuit to 
the switch MOS transistors 13 of even columns, almost 
the maximum or minimum signal of the photoelectric 
conversion pixel in one row can be obtained. 
[0039] Fig. 10 shows the seventh embodiment of the 
present invention. In this embodiment, the peak signal 
(maximum or minimum signal) of photoelectric conver- 
sion pixels in one row is detected more accurately than 
in the sixth embodiment. 

[0040] In the sixth embodiment, the maximum signal 
of odd photoelectric conversion pixels in one row and 
the minimum signal of even photoelectric conversion 
pixels in one row are obtained. Hence, an error may oc- 
cur in a low- resolution sensor. 

[0041] In the seventh embodiment, one column par- 
allelly has a voltage follower circuit for detection of max- 
imum (Fig. 9A) and that for detection of minimum (Fig. 
9B). When a pulse is simultaneously input from the hor- 
izontal scanning circuit to switch MOS transistors con- 
nected to the voltage follower circuit for detection of 
maximum, the maximum signal of photoelectric conver- 
sion pixels in one row is output to the horizontal output 
line. When a pulse is simultaneously input from the hor- 
izontal scanning circuit to switch MOS transistors con- 
nected to the voltage follower circuit for detection of min- 
imum, the minimum signal of photoelectric conversion 



pixels in one row is output to the horizontal output line. 
[0042] When the horizontal scanning circuit has an ar- 
rangement capable of simultaneously inputting a pulse 
to a plurality of switch MOS transistors or an arrange- 

s ment capable of sequentially inputting a pulse to a plu- 
rality of switch MOS transistors, as in the sixth or sev- 
enth embodiment, individual signals from the photoelec- 
tric conversion pixels and the maximum and minimum 
signals of photoelectric conversion pixels in one row can 

10 be obtained. 

[0043] In the sixth and seventh embodiments, the 
peak signal of photoelectric conversion pixels in one row 
is obtained. However, the peak signal of photoelectric 
conversion pixels in one column may be obtained by si- 

15 multaneously outputting a pulse from a vertical scanning 
circuit to all rows. Alternatively, when a plurality of arbi- 
trary pulses are simultaneously output from the vertical 
and horizontal scanning circuits, the peak signal of an 
arbitrary area in the photoelectric conversion apparatus 

20 can be obtained. 

[0044] Fig. 11 is a circuit diagram showing the eighth 
embodiment. Referring to Fig. 11, apn photodiode 1 for 
performing photoelectric conversion, a reset MOS tran- 
sistor 22 for resetting the potential of the photodiode to 

25 V RES , and a differential amplifier 23 construct one pho- 
toelectric conversion pixel 103. A clamp capacitance 8 
and clamp MOS transistor 9 for inputting a clamp poten- 
tial form a clamp circuit. The photoelectric conversion 
apparatus has switch MOS transistors 7, 10 and 11. 

30 Each of a differential amplifier 21 for detection of maxi- 
mum and a differential amplifier 20 for detection of min- 
imum constructs a voltage follower circuit. The appara- 
tus also has a maximum output switch MOS transistor 
22, minimum output switch MOS transistor 13, OR cir- 

35 cuit 24, scanning circuit 14, and constant current MOS 
transistors 26 and 27. Fig. 12 shows specific circuit ar- 
rangements of the differential amplifiers 21 and 20. As 
the circuit for detection of maximum, a source follower 
circuit having NMOS transistors at the final stage is 

40 used. As the circuit for detection of minimum, a source 
follower circuit having PMOS transistors at the final 
stage is used. 

[0045] Signals from the pixels are output to common 
output lines 30 and 30'. 

45 [0046] The operation of this embodiment will be de- 
scribed next with reference to the timing charts shown 
in Figs. 13 and 14. The operative state is divided into a 
reset period (noise removal period), accumulation peri- 
od (AGC period), and video signal output period. The 

50 reset period will be described first. At time T 0 , a signal 
0RES is set at high level to reset the potential of the pn 
photodiode 1 . At time , reset of the photodiode is end- 
ed. At time T 2 when noise removal starts, signals ()>TN1 
and (|>TN2 are set at high level to turn on the switch MOS 

55 transistors 7 and 1 2. The output from the differential am- 
plifier 23 for photoelectric conversion is input to the ca- 
pacitance 8 of the clamp circuit through the switch MOS 
transistor 7, maximum detection circuit 21, and switch 
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MOS transistor 12. 

[0047] At times T 3 and T 4 , the signals 0TN1 and 4>TN2 
are set at low level to turn off the switch MOS transistors 
1 2 and 7. At times T 5 and T 6 , a signal $TS2 is set at high 
level to turn on the switch MOS transistor 1 1 , and a sig- 5 
nal (|>GR is set at high level to turn off the clamp MOS 
transistor 9. 

[0048] The clamp capacitance 8 holds a voltage as 
the sum of the noise component in the pixel and the off- 
set component of the differential amplifiers 21 and 20. 
With the above process, the reset period for removing 
noise (offset) of the photoelectric conversion section, 
maximum detection section, and minimum detection 
section by clamping is ended. 

[0049] At time T 7 when the accumulation period (AGC 
period) starts, signals (|>PEAK and <)>BTM are set at high 
level to turn on the switch MOS transistors 22 and 1 3. 
The outputs from the differential amplifiers 21 and 20 
connected to pixels which will output the maximum and 
minimum are connected to the common output lines 30 
and 30' to activate the constant currents 26 and 27. 
[0050] When the signals (|>PEAK and <j>BTM are turned 
on to commonly connect the differential amplifiers 21 
and 20 constructing the voltage follower circuits to the 
output lines 30 and 30', respectively, the output voltage 
of a pixel for outputting the maximum in the plurality of 
pixels is output to the common output line 30, and the 
output voltage from a pixel for outputting the minimum 
is output to the common output line 30'. 
[0051] The voltage held by the clamp capacitance 9 
is given by 



(V dark = pixel dark voltage, V FPN = fixed pattern noise 
voltage, V RN = random noise voltage, and V off = offset 
voltage of voltage follower circuit) 
[0052] The output of the maximum or minimum from 
the pixel is represented by 

V PB +V dark + V FPN + V RN (2) 

where V PB is the maximum or minimum voltage. This 
voltage is input to the clamp circuit through the switch 
MOS transistor 11. Because of the difference between 
this voltage and the already stored voltage (1 ), the out- 
put from the differential amplifiers 21 and 20 is given by 

VouT = ( 2 )-0> + V off = V PB 

That is, a signal from which not only noise of the photo- 
electric conversion pixel but also noise (offset compo- 
nent) of the differential amplifiers can be obtained from 
the amplifier. 



[0053] At this time, constant current MOS transistors 
28 and 29 on the output sides of the differential amplifi- 
ers 21 and 20 are turned off by setting a potential VC2 
at low level and potential VREF2 at high level. When the 
accumulation time has elapsed, and (maximum) - (min- 
imum) reaches a certain value, the AGC operation is 
ended to end accumulation operation. 
[0054] From time T 9 , the video signal read period 
starts. At time T 9 , the potential V REF2 is set at a set po- 
tential (potential at which a desired current is obtained) 
to activate and operate the constant current MOS tran- 
sistor 28 of the differential amplifier 20. At time T 10 , the 
scanning circuit 1 4 is scanned to sequentially output sig- 
nals 4)H1, <|>H2 f and (|>H3, thereby serially outputting a 
video signal. 

[0055] With the above operation timing, the minimum 
detection circuit can have a video signal output function. 
[0056] In this embodiment, a voltage follower circuit 
whose final stage is formed from a source follower is 
used in units of pixels. In outputting the minimum, the 
constant current source on the output side of each volt- 
age follower is turned off to commonly connect the volt- 
age follower circuits to the output lines connected to the 
constant current source, thereby obtaining the minimum 
of the video signal. In outputting a video signal, the con- 
stant current source on the output side of each voltage 
follower is turned on to sequentially connect the voltage 
follower circuits to the output lines, thereby obtaining a 
serial video signal 

[0057] In this embodiment, by decreasing the number 
of circuits, the chip area can be reduced as compared 
to the prior art. In addition, since the offset removal op- 
eration is performed, or the minimum output circuit and 
video signal output circuit are formed from the same cir- 
cuit, the output offset can also be reduced. 
[0058] In this embodiment, the final stages of the volt- 
age followers of the differential amplifiers 21 and 20 are 
formed from source follower circuits that use MOS tran- 
sistors. However, even when an emitter follower circuit 
using bipolar transistors is used, as in the prior art, the 
same effect as described above can be obtained. 
[0059] Fig. 15 is a circuit diagram showing the ninth 
embodiment of the present invention. 
[0060] In the eighth embodiment, the minimum detec- 
tion circuit has the video signal output function. In the 
ninth embodiment, a maximum detection circuit has a 
video signal output function. 

[0061] In this embodiment as well, the chip area can 
be reduced, and the output offset can be decreased, as 
in the eighth embodiment. 

[0062] Fig. 16 is a circuit diagram showing the 10th 
embodiment of the present invention. 
[0063] In this embodiment, the noise clamp circuit on 
the input side of maximum and minimum detection cir- 
cuits is omitted. Accordingly, the output offset as noise 
increases. However, since the chip area can be largely 
reduced, this embodiment is effective for a photoelectric 
conversion apparatus which puts priority on cost rather 
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than performance. 

[0064] Fig. 17 is a circuit diagram showing the 11th 
embodiment of the present invention. 
[0065] In this embodiment, in an inexpensive system 
using a photoelectric conversion apparatus for output- s 
ting only the maximum and video signal, signals may be 
processed without using the minimum. In this case, by 
imparting the video signal output function to the maxi- 
mum detection circuit, as in this embodiment, the 
number of circuits can be further decreased, and the 
chip area can be further reduced. In addition, the clamp 
circuit may be omitted, as in the tenth embodiment. 
[0066] According to this embodiment, a more inex- 
pensive photoelectric conversion apparatus can be re- 
alized. 

[0067] Fig. 18 is a circuit 6iaqram showing the twelth 
embodiment of the present invention. In this embodi- 
ment, photoelectric conversion pixels are two-dimen- 
sionally arrayed, and maximum and minimum detection 
circuits are arranged one each for each column. 
[0068] A photoelectric conversion pixel 105 compris- 
es a pn photodiode 1 for performing photoelectric con- 
version, a transfer MOS transistor 30 for transferring sig- 
nal charges of the pn photodiode, an amplified MOS 
transistor 32 for amplifying the transferred signal and 
outputting it, a reset MOS transistor 31 for resetting the 
transferred signal to a predetermined reset potential, 
and a selection MOS transistor 33 for selecting the pixel. 
A constant current source 37 forms a source follower 
with an amplified MOS transistor. The photoelectric con- 
version apparatus also has a vertical output line 35, a 
vertical scanning circuit 36 for sequentially selecting pix- 
els of one row, a horizontal output line 38, and a hori- 
zontal scanning circuit 39 for sequentially transferring a 
signal. The same reference numerals as in Fig. 11 de- 
note the same parts in Fig. 18. 
[0069] In this embodiment, pixels are selected by the 
vertical scanning circuit 36 in units of rows, and the 
same operation as in the first embodiment is performed, 
thereby obtaining the maximum and minimum outputs 
and video output of one row. 

[0070] The photoelectric conversion pixels in the first 
to twelfth embodiments are not limited to those de- 
scribed above. For example, the photoelectric conver- 
sion pixel described in the twelfth embodiment may be 
used for the eighth embodiment. In this case, since the 
eighth embodiment is associated with a line sensor, the 
selection MOS transistor 33 can be omitted. Any circuit 
arrangement other than the MOS structure may be 
used. Not only the MOS structure but also a pixel struc- 
ture such as a BASIS or SIT may be used. Furthermore, 
not only a photoelectric conversion pixel for converting 
light into an electrical signal but also a signal source for 
generating a voltage signal or the like can be used. 
[0071] in the first to 12th embodiments, the output 
from the clamp circuit 8 or 9 is output through the voltage 
follower circuit 6, 20, or 21. However, a circuit for dou- 
bling the output from the clamp circuit 8 or 9 and output- 



ting it may be used. In this case, the voltage output from 
the circuit for doubling the signal, which corresponds to 
the sum of the noise signal voltage from the photoelec- 
tric conversion pixel and the offset voltage of the output 
circuit, is halved by a resistance or the like and input to 
the clamp circuit 8 or 9. 

[0072] Fig. 1 9 shows the thirteenth embodiment of the 
present invention. This embodiment presents an image 
pickup apparatus using the above-described signal 
processing apparatus shown in the sixth to twelfth em- 
bodiments. 

[0073] The maximum and minimum signals of photo- 
electric conversion pixel in one row are output from a 
photoelectric conversion apparatus 90 shown in Fig. 19, 
differentially amplified by a differential amplification cir- 
cuit 91 , and input to a comparator 92. The output from 
the comparator 92 is input to an on-chip or external ac- 
cumulation time control circuit 93. When the output from 
the differential amplifier is larger than a reference volt- 
age Vref, the accumulation time control circuit controls 
the photoelectric conversion apparatus to stop accumu- 
lating light. In accordance with stop of light accumula- 
tion, signals from the photoelectric conversion pixels are 
individually output and processed by a signal process- 
ing circuit 94 by white balance processing, thereby ob- 
taining an image. 

[0074] In this embodiment, pixels are selected by a 
vertical scanning circuit 36 in units of rows, and the 
same operation as in the first embodiment is performed, 
thereby obtaining the maximum and minimum outputs 
and video output of one row. 

[0075] The photoelectric conversion pixels in the 
eighth to twelfth embodiments are not limited to those 
described above. For example, the photoelectric con- 
version pixel described in the 12th embodiment may be 
used for the eighth embodiment. In this case, since the 
eighth embodiment is associated with a line sensor, the 
selection MOS transistor 33 can be omitted. Any circuit 
arrangement other than the MOS structure may be 
used. Not only the MOS structure but also a pixel struc- 
ture such as a BASIS or SIT may be used. 
Furthermore, not only a photoelectric conversion pixel 
for converting light into an electrical signal but also a 
signal source for generating a voltage signal or the like 
can be used. 

[0076] Fig. 20 is a block diagram showing a specific 
image pickup apparatus using the signal processing ap- 
paratus described in the first to 12th embodiments. 
[0077] Referring to Fig. 20, the image pickup appara- 
tus comprises a signal processing apparatus 201 de- 
scribed in the first to 12th embodiments, a differential 
amplifier 202 for obtaining the difference between a 
PEAK output V PEAK and BTM output V BTM , a compara- 
tor 203 for comparing the output from the differential am- 
plifier 202 with a predetermined reference level V ref and 
determining that the level has reached an appropriate 
accumulation level, storage circuits 209 and 211 for stor- 
ing maximum and minimum signals output from the Vid- 
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eo line, a differential amplifier 210 for obtaining the dif- 
ference between the output from the storage circuit 209 
and the output from the video output Video, a differential 
amplifier 212 for obtaining the difference between the 
outputs from the storage circuits 211 and 209, and a mi- 
crocomputer 204. The microcomputer comprises a CPU 
core 204a, ROM 204b, RAM 204c, and A/C converter 
204d. 

[0078] In the image pickup apparatus shown in Fig. 
20, first, the microcomputer 204 outputs reset signals 
$res ancJ ^vrs to start accumulation. Next, in accordance 
with an inverted signal <j> com from the comparator 203, 
the microcomputer 204 outputs a signal <j> t to stop accu- 
mulation. Also, signals (}> hre and <J> ck are output to read 
signal charges. At this time, the microcomputer 204 
sends a sampling signal SH to the storage circuit 209 at 
the minimum output timing to store the minimum. The 
subsequent output from the photoelectric conversion el- 
ement array is A/D-converted after the difference be- 
tween the output and the minimum is obtained by the 
differential amplifier 210. Since a reference potential V r1 
for A/D conversion is set to be the ground potential and 
a potential V rh is set to be reference voltage Vref, A/D 
conversion is performed almost between the maximum 
and minimum of the output from the photoelectric con- 
version pixel. However, A/D conversion is accurately 
performed for a high -contrast portion of an object be- 
cause the minimum as the reference of the output from 
the photoelectric conversion apparatus is accurately 
read out. 

[0079] As has been described above, according to 
this embodiment, the following effects can be obtained. 
[0080] A highly accurately signal free from noise can 
be obtained from a voltage follower circuit. 
[0081] Cost can be reduced by reducing the chip area. 
[0062] Since the sensitivity is not decreased by ca- 
pacitance division, a photoelectric conversion appara- 
tus with high S/N ratio can be realized. When this appa- 
ratus is used as an image pickup apparatus, photo- 
graphing at lower luminance than the prior art is possi- 
ble. 

[0083] The simple circuit arrangement can cope with 
shrinkage in feature size. 

[0084] Since multiple reads (nondestructive reads) 
are possible, the apparatus can be used for various ap- 
plication purposes. 

[0085] Since a peak signal is obtained from a plurality 
of arbitrary signal sources, the apparatus can be used 
for various application purposes. 
[0086] When a peak signal from a plurality of arbitrary 
photoelectric conversion pixels is used, a clear image 
can be obtained independently of the contrast of an ob- 
ject. 

[0087] Many widely different embodiments of the 
present invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
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Claims 

5 

1. A signal processing apparatus comprising: 

a signal source; 

a non-inverting output circuit for outputting a 
10 signal from said signal source; and 

noise signal removal means for, when the sig- 
nal from said signal source is output from said 
non-inverting output circuit, removing a noise 
signal in said non-inverting output circuit and 
1$ causing said non-inverting output circuit to out- 

put the signal from said signal source. 

2. An apparatus according to claim 1 , wherein 

20 said noise signal removal means also removes 

a noise signal in said signal source. 

3. An apparatus according to claim 2, wherein 

25 said noise signal removal means adjusts the 

noise signals in said signal source and said 
non-inverting output circuit to remove the noise 
signal in said signal source at an input portion 
of said non-inverting output circuit and the 
30 noise signal in said non-inverting output circuit 

at an output portion of said non-inverting output 
circuit. 

4. A signal processing apparatus comprising: 

35 

a signal source; 

arithmetic means for performing an arithmetic 
operation; and 

a non-inverting output circuit for outputting a 
40 signal from said arithmetic means, 

said arithmetic means comprising at least 
transfer means for transferring a signal from 
said signal source to said non-inverting output 
circuit, and difference signal formation means 
45 tor forming a difference signal obtained by sub- 

tracting a signal from said non-inverting output 
circuit from the signal from said signal source. 

5. An apparatus according to claim 4, wherein 

so 

said difference signal formation means com- 
prises a clamp circuit. 

6. An apparatus according to claim 4, wherein 

55 

said transfer means transfers a noise signal in 
said signal source. 
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7. An apparatus according to claim 4, wherein 



put the signal from said signal sources. 



said difference signal formation means clamps 
an output signal level output from said non-in- 
verting output circuit to a predetermined poten- 
tial. 

8. An apparatus according to claim 7, wherein 



14. An apparatus according to claim 13, further com- 
prising 

individual signal output means for outputting in- 
dividual signals from said plurality of signal 
sources. 



said arithmetic means comprises input means 
for inputting a signal from said signal source to 
said clamp circuit after said difference signal 
formation means clamps the output signal level 
from said non-inverting output circuit to the pre- 
determined potential. 

9. An apparatus according to claim 1 or claim 4, 
wherein 

said signal source comprises photoelectric 
conversion pixels. 

10. An apparatus according to claim 9, wherein 

said non-inverting output circuit and said noise 
signal removal means are provided at an output 
portion of each photoelectric conversion pixel. 

11. An apparatus according to claim 9, wherein 

said photoelectric conversion pixels are ar- 
rayed in a plurality of rows, and at least one 
non-inverting output circuit and at least one 
noise signal removal means are arranged for 
each vertical output line for outputting an output 
signal from said photoelectric conversion pixels 
to a horizontal output line. 

12. An apparatus according to claim 11 , wherein 

the signals from said photoelectric conversion 
pixels are output to said horizontal output line 
through said non-inverting output circuit. 

13. A signal processing apparatus comprising: 

a plurality of signal sources; 
a non-inverting output circuit for outputting sig- 
nals from said plurality of signal sources; 
specific value signal output means for causing 
said non-inverting output circuit to output a 
maximum or minimum signal of at least two of 
said plurality of signal sources; and 
noise signal removal means for, when the sig- 
nal from said signal source is output from said 
non-inverting output circuit, removing a noise 
signal in said non-inverting output circuit and 
causing said non-inverting output circuit to out- 



io 15. An apparatus according to claim 1 3, wherein 

said signal sources comprise photoelectric 
conversion pixels. 

is 16. An apparatus according to any one of claims 1, 4 
and 1 3, wherein 

said non-inverting output circuit comprises a 
voltage follower circuit. 
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17. An image pickup apparatus comprising: 

said signal processing apparatus of claim 15; 
and 

light accumulation amount control means for 
controlling a light accumulation amount of said 
photoelectric conversion pixel in said signal 
processing apparatus in accordance with a 
peak signal output from said signal processing 
apparatus. 

18. A signal processing apparatus comprising: 

a plurality of signal sources; 
specific value detection means for outputting a 
maximum or minimum signal of said plurality of 
signal sources, said specific value detection 
means having a function of sequentially output- 
ting individual signals from said plurality of sig- 
nal sources; and 

driving means for switching the function of said 
specific value detection means. 

19. An apparatus according to claim 18, wherein 

said driving means switches the function of said 
specific value detection means by changing a 
drive timing for causing said specific value de- 
tection means to output the signal. 

20. An apparatus according to claim 19, wherein 

said specific value detection means comprises 
a plurality of voltage follower circuits connected 
to said plurality of signal sources, respectively, 
and 

said driving means switches the function by 
commonly connecting output portions of said 
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plurality of voltage follower circuits to an output 
line to output the maximum or minimum signal 
to said output line and sequentially connecting 
the output portions of said plurality of voltage 
follower circuits to said output line to sequen- 
tially output the individual signals to said output 
line. 

21. An apparatus according to claim 20, further com- 
prising 

a plurality of switch means for connecting the 
output portions of said plurality of voltage fol- 
lower circuits to said output line, respectively, 
said switch means being controlled by said driv- 
ing means. 

22. An apparatus according to claim 20, wherein 

said driving means comprises pulse supply 
means for simultaneously supplying a pulse to 
said switch means and a scanning circuit for se- 
quentially supplying a pulse to said switch 
means. 

23. An apparatus according to claim 20, wherein the 
output portion of said voltage follower circuit com- 
prises a source follower circuit. 

24. An apparatus according to claim 23, wherein 

said output line has a constant current source, 
and 

wherein when the maximum or minimum signal 
is to be output, a constant current source of said 
source follower circuit is turned off and said 
constant current source of said output line is 
turned on, and 

when the individual signals are to be output, 
said constant current source of said source fol- 
lower circuit is turned on and said constant cur- 
rent source of said output line is turned off. 

25. An apparatus according to claim 19, further com- 
prising 

noise removal means for removing noise in said 
signal sources on an input side of said specific 
value detection means. 

26. An apparatus according to claim 25, wherein 

said noise removal means comprises a clamp 
circuit. 

27. An apparatus according to claim 20, wherein 

said apparatus further comprises noise remov- 



al means on an input side of said voltage fol- 
lower circuit, said noise removal means remov- 
ing a noise component level of said signal 
sources and an offset level in said voltage fol- 
5 lower circuit. 

28. An apparatus according to claim 19, wherein 

said signal sources comprise photoelectric 
io conversion pixels. 

29. A signal processing apparatus comprising: 

a plurality of signal sources; 
is maximum detection means for outputting a 

maximum signal of said plurality of signal 
sources; 

minimum detection means for outputting a min- 
imum signal of said plurality of signal sources, 
20 said maximum or minimum detection means 

having a function of sequentially outputting in- 
dividual signals from said plurality of signal 
sources; and 

driving means for switching the function of said 
25 maximum or minimum detection means having 

the function of sequentially outputting the indi- 
vidual signals. 

30. An apparatus according to claim 29, wherein 

30 

said signal sources comprise photoelectric 
conversion pixels. 

31. An image pickup apparatus comprising: 

35 

said signal processing apparatus of claim 30; 
comparison means for detecting that a differ- 
ence value between the maximum signal and 
the minimum signal output from said signal 
40 processing apparatus has not less than a pre- 

determined value; and 

control means for controlling a light accumula- 
tion time of a photoelectric conversion pixel in 
said signal processing apparatus on the basis 
45 of an output from said comparison means. 
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ABSTRACT 



PROBLEM TO BE SOLVED: To reduce chip area by installing a specified value 
detection means having a function outputting the maxim or minimum value 
signals of plural signal sources and sequentially outputting individual 
signals from the plural signal sources. 

SOLUTION: A voltage follower circuit is constituted of differential 
amplifiers for maximum value/minimum value detection 10 and 11. At 
necessary time in an accumulation period, the outputs of the differential 
amplifiers for maximum/ minimum values detection 10 and 11 connected to 
pixels from which maximum/minimum values are to be outputted are connected 
to a common output line 20 and constant current MOS transistors for 
maximum/minimum values detection 16 and 17 are made active. Thus, the 
differential amplifiers for maximum /mini mum value detection 10 and 11 are 
connected to the common output lines 20 and 20' in common by turning on 
&phiv;PEAK and &phiv; BTM . Thus, the output voltage from the pixel 
outputting the maximum value and the minimum value among the plural pixels 
is outputted respectively to the common lines 20 and 20'. Individual 
signals can be outputted sequentially by actively operating the nMOS 
constant current source 18 of the differential amplifier for minimum value 
detection 11. 
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